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(57) For the purpose of obtaining a mechanical drive 
reflecting mirror antenna device which is downsized and 
low in attitude, enables wide-angle scanning, and is high 
in performance, there are provided a main reflection mir- 
ror 1 , a sub-reflection mirror 2, a primary radiator 3, a 
first circular waveguide 4 which is connected to the pri- 
mary radiator and has a plurality of bend portions, a first 
circular waveguide rotary joint 5 which is connected to 
the first circular waveguide, a second circular 
waveguide 7 which is connected to the first circular 
waveguide rotary joint and has a plurality of bend por- 
tions, and a second circular waveguide rotary joint 8 
which is connected to the second circular waveguide 
and is different in a direction of a rotary axis from the 
first circular waveguide rotary joint by substantially 90 



F I G. 1 




lb) 




Printed by Jouve, 75001 PARIS (FR) 



EP 1 291 965 A1 



Description 

TECHNICAL FIELD 

[0001] The present invention relates to a mechanical 
drive reflecting mirror antenna device that conducts two- 
axial scanning of an azimuth and elevation mainly used 
in a VHF band, a UHF band, a micro-wave band and an 
extremely-high frequency band. 

BACKGROUND ART 

[0002] Fig. 28 is a schematic structural view showing 
a reflecting mirror antenna device that conducts the me- 
chanical drive scanning with respect to rotary axes in an 
azimuth direction and an elevation direction disclosed 
in, for example, Takashi Kitsuregawa, "Advanced Tech- 
nology in Satellite Communication Antennas: Electrical 
& Mechanical Design", ARTECH HOUSE INC., pp. 
232-235, 1990. 

[0003] Referring to Fig. 28, reference numeral 61 de- 
notes a main reflection mirror; 62 is a sub-reflection mir- 
ror; 63 is a primary radiator; 64 is a circularly polarized 
wave generator; 65 is a polarization divider; 66 is a re- 
ceiver; 67 is an elevation shaft rotary joint; 68 is an az- 
imuth shaft rotary joint; 69 is a transmitter; 70 is an ele- 
vation shaft rotary mechanism; and 71 is an azimuth 
shaft rotary mechanism. 

[0004] Subsequently, an operation will be described. 
A signal outputted from the transmitter 69 is inputted to 
the polarization divider 65 through the rotary joints 68 
and 67, and thereafter transformed into a circularly po- 
larized wave from a linearly polarized wave by the cir- 
cularly polarized wave generator 64 and then radiated 
into air through the primary radiator 63 and the sub-re- 
flection mirror 62 by the main reflection mirror 61 . Also, 
an electric wave received by the main reflection mirror 
61 is transformed into the linearly polarized wave from 
the circularly polarized wave through the sub-reflection 
mirror 62 and the primary radiator 63 by the circularly 
polarized wave generator 64, inputted to the polarization 
divider 65 and thereafter enters the receiver 66. 
[0005] Because the main reflection mirror 61 , the sub- 
reflection mirror 62, the primary radiator 63, the circu- 
larly polarized wave generator 64 and the polarization 
divider 65 can be driven within a wide angular range by 
the rotary mechanisms 70, 71 and the rotary joints 67, 
68 without deteriorating the electric characteristics, an 
antenna beam can be transmitted while scanning over 
a wide angle. Also, because the main reflection mirror 
61 , the sub- reflection mirror 62, the primary radiator 63, 
the circularly polarized wave generator 64, the polariza- 
tion divider 65 and the receiver 66 can be driven inte- 
grally within a wide angular range by the rotary mecha- 
nisms 70 and 71 , they can receive an electric wave com- 
ing from the wide angular range. 
[0006] In a conventional antenna device, because the 
circularly polarized wave generator 64, the polarization 



divider 65 and the receiver 66 are located on the rotary 
joints 67, 68 and the rotary mechanisms 70, 71 , and 
those circuits, the main reflection mirror 61 , the sub-re- 
flection mirror 62 and the primary radiator 63 are rotated 
5 integrally, there arises such a problem that the height of 
the antenna device from the azimuth shaft rotary mech- 
anism 71 increases and it is difficult to downsize the an- 
tenna device and to make the attitude of the antenna 
device low. 

10 [0007] The present invention has been made to solve 
the above-mentioned problems, and therefore an object 
of the present invention is to obtain a mechanical drive 
reflecting mirror antenna device that enables the down- 
sizing, the low attitude and wide-angle scanning and is 

*5 high in performance. 

DISCLOSURE OF THE INVENTION 

[0008] In order to attain the above-mentioned object, 
20 an antenna device according to the present invention is 
characterized by comprising: a plurality of reflecting mir- 
rors; one primary radiator; a first circular waveguide 
which is connected to the primary radiator and has a 
plurality of bend portions; a first circular waveguide ro- 
25 tary joint which is connected to the first circular 
waveguide; a second circular waveguide which is con- 
nected to the first circular waveguide rotary joint and has 
a plurality of bend portions; and a second circular 
waveguide rotary joint which is connected to the second 
30 circular waveguide and is different in a direction of a ro- 
tary axis from the first circular waveguide rotary joint by 
substantially 90 degrees. 

[0009] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 

35 rality of reflecting mirrors; one primary radiator; a first 
square waveguide which is connected to the primary ra- 
diator and has a plurality of bend portions; a first square- 
circle waveguide transforming portion which is connect- 
ed to the first square waveguide; a first circular 

40 waveguide rotary joint which is connected to the first 
square-circle waveguide transforming portion; a second 
square-circle waveguide transforming portion which is 
connected to the first circular waveguide rotary joint; a 
second square waveguide which is connected to the 

45 second square-circle waveguide transforming portion 
and has a plurality of bend portions; a third square-circle 
waveguide transforming portion which is connected to 
the second square waveguide; and a second circular 
waveguide rotary joint which is connected to the third 

so square-circle waveguide transforming portion and is dif- 
ferent in a direction of a rotary axis from the first circular 
waveguide rotary joint by substantially 90 degrees. 
[0010] Also, it is characterized in that square-circle 
waveguide multi-step transformers are used as the first 

55 to third square-circle waveguide transforming portions. 
[0011] Also, it is characterized in that square-circle 
waveguide tapers are used as the first to third square- 
circle waveguide transforming portions. 
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[0012] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; one primary radiator; a first 
orthogonal polarization diplexer which is connected to 
the primary radiator; a first rectangular waveguide which 
is connected to the first orthogonal polarization diplexer; 
a second rectangular waveguide which is connected to 
the first orthogonal polarization diplexer; a second or- 
thogonal polarization diplexer which is connected to the 
first and second rectangular waveguides; a first circular 
waveguide rotary joint which is connected to the second 
orthogonal polarization diplexer; a third orthogonal po- 
larization diplexer which is connected to the first circular 
waveguide rotary joint; a third rectangular waveguide 
which is connected to the third orthogonal polarization 
diplexer; a fourth rectangular waveguide which is con- 
nected to the third orthogonal polarization diplexer; a 
fourth orthogonal polarization diplexer which is connect- 
ed to the third and fourth rectangular waveguides; and 
a second circular waveguide rotary joint which is con- 
nected to the fourth orthogonal polarization diplexer and 
is different in a direction of the rotary axis from the first 
circular waveguide rotary joint by substantially 90 de- 
grees. 

[001 3] Also, it is characterized in that the first and sec- 
ond rectangular waveguides are wired in parallel with 
the same configuration, and the third and fourth rectan- 
gular waveguides are wired in parallel with the same 
configuration. 

[0014] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; first and second primary radi- 
ators; a first orthogonal polarization diplexer which is 
connected to the first primary radiator; a first rectangular 
waveguide which is connected to the first orthogonal po- 
larization diplexer; a second rectangular waveguide 
which is connected to the first orthogonal polarization 
diplexer; a second orthogonal polarization diplexer 
which is connected to the first and second rectangular 
waveguides; a first circular waveguide rotary joint which 
is connected to the second orthogonal polarization 
diplexer; a third orthogonal polarization diplexer which 
is connected to the first circular waveguide rotary joint; 
a third rectangular waveguide which is connected to the 
third orthogonal polarization diplexer; a fourth rectangu- 
lar waveguide which is connected to the third orthogonal 
polarization diplexer; a fourth orthogonal polarization 
diplexer which is connected to the second primary radi- 
ator; a fifth rectangular waveguide which is connected 
to the fourth orthogonal polarization diplexer; a sixth rec- 
tangular waveguide which is connected to the fourth or- 
thogonal polarization diplexer; a fifth orthogonal polari- 
zation diplexer which is connected to the fifth and sixth 
rectangular waveguides; a second circular waveguide 
rotary joint which is connected to the fifth orthogonal po- 
larization diplexer; a sixth orthogonal polarization 
diplexer which is connected to the second circular 
waveguide rotary joint; a seventh rectangular 



waveguide which is connected to the sixth orthogonal 
polarization diplexer; an eighth rectangular waveguide 
which is connected to the sixth orthogonal polarization 
diplexer; a first waveguide T-junction which is connected 

5 to the third and seventh rectangular waveguides; a sec- 
ond waveguide T-junction which is connected to the 
fourth and eighth rectangularwaveguides; a seventh or- 
thogonal polarization diplexer which is connected to the 
first and second waveguide T-junctions; and a third cir- 

10 cular waveguide rotary joint which is connected to the 
seventh orthogonal polarization diplexer. 
[0015] Also, it is characterized in that the first and sec- 
ond rectangular waveguides are wired in parallel with 
the same configuration, the third and fourth rectangular 

is waveguides are wired in parallel with the same config- 
uration, the fifth and sixth rectangular waveguides are 
wired in parallel with the same configuration, the sev- 
enth and eighth rectangular waveguides are wired in 
parallel with the same configuration, and the first and 

20 second waveguide T-junctions are arranged in parallel 
with the same configuration. 
[0016] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; first and second primary radi- 
os ators; a first circular waveguide rotary joint which is con- 
nected to the first primary radiator; a first orthogonal po- 
larization diplexer which is connected to the first circular 
waveguide rotary joint; a second circular waveguide ro- 
tary joint which is connected to the second primary ra- 

30 diator; a second orthogonal polarization diplexer which 
is connected to the second circular waveguide rotary 
joint; a first waveguide T-junction which is connected to 
the first and second orthogonal polarization diplexer; a 
second waveguide T-junction which is connected to the 

35 first and second orthogonal polarization diplexers; a 
third orthogonal polarization diplexers which is connect- 
ed to the first and second waveguide T-junctions; and a 
third circular waveguide rotary joint which is connected 
to the third orthogonal polarization diplexer. 

*o [0017] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; first and second primary radi- 
ators; a first orthogonal polarization diplexer which is 
connected to the first primary radiator; a second orthog- 

45 onal polarization diplexer which is connected to the sec- 
ond primary radiator; a first waveguide T-junction which 
is connected to the first and second orthogonal polari- 
zation diplexers; a second waveguide T-junction which 
is connected to the first and second orthogonal polari- 

50 zation diplexers; a third orthogonal polarization diplexer 
which is connected to the first and second waveguide 
T-junctions; and a circular waveguide rotary joint which 
is connected to the third orthogonal polarization diplex- 
er. 

55 [0018] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; first and second primary radi- 
ators; a first circular waveguide bend which is connected 
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to the first primary radiator, a first circular waveguide 
rotary joint which is connected to the first circular 
waveguide bend; a first orthogonal polarization diplexer 
which is connected to the first circular waveguide rotary 
joint; a second circular waveguide bend which is con- 
nected to the second primary radiator; a second circular 
waveguide rotary joint which is connected to the second 
circular waveguide bend; a second orthogonal polariza- 
tion diplexer which is connected to the second circular 
waveguide rotary joint; a first waveguide T-junction 
which is connected to the first and second orthogonal 
polarization diplexers; a second waveguide T-junction 
which is connected to the first and second orthogonal 
polarization diplexers; a third orthogonal polarization 
diplexer which is connected to the first and second 
waveguide T-junctions; and a third circular waveguide 
rotary joint which is connected to the third orthogonal 
polarization diplexer. 

[001 9] Also, it is characterized in that the first and sec- 
ond waveguide T-junctions are arranged in parallel with 
the same configuration. 

[0020] Also, it is characterized in that the first circular 
waveguide rotary joint and the second circular 
waveguide rotary joint are so arranged as to have the 
same rotary axis, and the third circular waveguide rotary 
joint is different in a direction of the rotary axis from the 
first and second circular waveguide rotary joints by sub- 
stantially 90 degrees. 

[0021] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; first to fourth primary radia- 
tors; a first circular waveguide rotary joint which is con- 
nected to the first primary radiator; a first orthogonal po- 
larization diplexer which is connected to the first circular 
waveguide rotary joint; a second circular waveguide ro- 
tary joint which is connected to the second primary ra- 
diator; a second orthogonal polarization diplexer which 
is connected to the second circular waveguide rotary 
joint; a first waveguide T-branching circuit which is con- 
nected to the first and second orthogonal polarization 
diplexers; a second waveguide T-branching circuit 
which is connected to the first and second orthogonal 
polarization diplexers; a third circular waveguide rotary 
joint which is connected to the third primary radiator; a 
third orthogonal polarization diplexer which is connect- 
ed to the third circular waveguide rotary joint; a fourth 
circular waveguide rotary joint which is connected to the 
fourth primary radiator; a fourth orthogonal polarization 
diplexer which is connected to the fourth circular 
waveguide rotary joint; a third waveguide T-branching 
circuit which is connected to the third and fourth orthog- 
onal polarization diplexers; a fourth waveguide T-junc- 
tion which is connected to the third and fourth orthogonal 
polarization diplexers; a first rectangular waveguide 
which is connected to the first waveguide T-junction; a 
second rectangular waveguide which is connected to 
the second waveguide T-junction; a third rectangular 
waveguide which is connected to the third waveguide 



T-junction; afourth rectangular waveguide which is con- 
nected to the fourth waveguide T-junction; a fifth 
waveguide T-junction which is connected to the first and 
third rectangular waveguides; a sixth waveguide T-junc- 

5 tion which is connected to the second and fourth rectan- 
gular waveguides; a fifth orthogonal polarization diplex- 
er which is connected to the fifth and sixth waveguide 
T-junctions; and a fifth circular waveguide rotary joint 
which is connected to the fifth orthogonal polarization 

10 diplexer. 

[0022] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; first to fourth primary radia- 
tors; a first orthogonal polarization diplexer which is con- 
's nected to the first primary radiator; a second orthogonal 
polarization diplexer which is connected to the second 
primary radiator; a first waveguide T-junction which is 
connected to the first and second orthogonal polariza- 
tion diplexers; a second waveguide T-junction which is 
20 connected to the first and second orthogonal polariza- 
tion diplexers; a third orthogonal polarization diplexer 
which is connected to the third primary radiator; a fourth 
orthogonal polarization diplexer which is connected to 
the fourth primary radiator; a third waveguide T-junction 
25 which is connected to the third and fourth orthogonal po- 
larization diplexers; afourth waveguide T-junction which 
is connected to the third and fourth orthogonal polariza- 
tion diplexers; a first rectangular waveguide which is 
connected to the first waveguide T-junction; a second 
30 rectangular waveguide which is connected to the sec- 
ond waveguide T-junction; a third rectangular 
waveguide which is connected to the third waveguide 
T-junction; afourth rectangular waveguide which is con- 
nected to the fourth waveguide T-junction; a fifth 
35 waveguide T-junction which is connected to the first and 
third rectangular waveguides; a sixth waveguide T-junc- 
tion which is connected to the second and fourth rectan- 
gular waveguides; a fifth orthogonal polarization diplex- 
er which is connected to the fifth and sixth waveguide 
40 T-junctions; and a circular waveguide rotary joint which 
is connected to the fifth orthogonal polarization diplexer. 
[0023] Also, an antenna device according to the 
present invention is characterized by comprising: a plu- 
rality of reflecting mirrors; first to fourth primary radia- 
ns tors; a first circular waveguide bend which is connected 
to the first primary radiator; a first circular waveguide 
rotary joint which is connected to the first circular 
waveguide bend; a first orthogonal polarization diplexer 
which is connected to the first circular waveguide rotary 
50 joint; a second circular waveguide bend which is con- 
nected to the second primary radiator; a second circular 
waveguide rotary joint which is connected to the second 
circular waveguide bend; a second orthogonal polariza- 
tion diplexer which is connected to the second circular 
55 waveguide rotary joint; a first waveguide T-junction 
which is connected to the first and second orthogonal 
polarization diplexers; a second waveguide T-branching 
circuit which is connected to the first and second orthog- 
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onal polarization diplexers; a third circular waveguide 
bend which is connected to the third primary radiator; a 
third circular waveguide rotary joint which is connected 
to the third circular waveguide bend; a third orthogonal 
polarization diplexer which is connected to the third cir- 
cular waveguide rotary joint; a fourth circular waveguide 
bend which is connected to the fourth primary radiator; 
a fourth circular waveguide rotary joint which is connect- 
ed to the fourth circular waveguide bend; a fourth or- 
thogonal polarization diplexer which is connected to the 
fourth circular waveguide rotary joint; a third waveguide 
T-branching circuit which is connected to the third and 
fourth orthogonal polarization diplexers; a fourth 
waveguide T-branching circuit which is connected to the 
third and fourth orthogonal polarization diplexers; a first 
rectangular waveguide which is connected to the first 
waveguide T-junction; a second rectangular waveguide 
which is connected to the second waveguide T-junction; 
a third rectangular waveguide which is connected to the 
third waveguide T-junction; a fourth rectangular 
waveguide which is connected to the fourth waveguide 
T-junction; a fifth waveguide T-junction which is con- 
nected to the first and third rectangular waveguides; a 
sixth waveguide T-junction which is connected to the 
second and fourth rectangular waveguides; a fifth or- 
thogonal polarization diplexer which is connected to the 
fifth and sixth waveguide T-junctions; and a fifth circular 
waveguide rotary joint which is connected to the fifth or- 
thogonal polarization diplexer. 
[0024] Also, it is characterized in that the first and sec- 
ond rectangular waveguides are wired in parallel with 
the same configuration, the third and fourth rectangular 
waveguides are wired in parallel with the same config- 
uration, the first and second waveguide T-junctions are 
arranged in parallel with the same configuration, the 
third and fourth waveguide T-junctions are arranged in 
parallel with the same configuration, and the fifth and 
sixth waveguide T-junctions are arranged in parallel with 
the same configuration. 

[0025] Also, it is characterized in that the first to fourth 
circular waveguide rotary joints are so arranged as to 
have the same rotary axis, and the fifth circular 
waveguide rotary joint is different in a direction of the 
rotary axis from the first to fourth circular waveguide ro- 
tary joints by substantially 90 degrees. 
[0026] Also, it is characterized in that a septum type 
polarizer is used as the orthogonal polarization diplexer. 
[0027] Also, it is characterized in that an orthomode 
transducer is used as the orthogonal polarization diplex- 
er. 

[0028] Also, the antenna device according to the 
present invention is characterized by further comprising: 
a waveguide orthomode transducer which is connected 
to the circular waveguide rotary joint and has first to 
fourth branching waveguides; a first waveguide diplexer 
which is connected to the first and third branching 
waveguides of the polarization divider; a second 
waveguide diplexer which is connected to the second 



and fourth branching waveguides of the polarization di- 
vider; a first low-noise amplifier which is connected to 
the first waveguide diplexer; a second low-noise ampli- 
fier which is connected to the second waveguide diplex- 

5 er; a first 90-degree hybrid circuit which is connected to 
the first and second low-noise amplifiers; a second 
90-degree hybrid circuit which is connected to the first 
and second waveguide diplexers; a first high-power am- 
plifier which is connected to the second 90-degree hy- 

10 brid circuit; a first variable phase shifter which is con- 
nected to the first high-power amplifier; a second high- 
power amplifier which is connected to the second 90-de- 
gree hybrid circuit; a second variable phase shifter 
which is connected to the second high-power amplifier; 

'5 and a third 90-degree hybrid circuit which is connected 
to the first and second variable phase shifters. 
[0029] Also, the antenna device according to the 
present invention further comprises a rotary mechanism 
that rotates the plurality of reflecting mirrors about an 

20 azimuth shaft and an elevation shaft which are orthog- 
onal to each other, the device being characterized in that 
each of the plurality of reflecting mirrors has a substan- 
tially rectangular opening which is slender in a direction 
of the elevation shaft, and is subjected to a mirror sur- 

25 face adjustment so as to receive and reflect substantial- 
ly all of electromagnetic waves supplied from the prima- 
ry radiators so that an antenna height is prevented from 
becoming high even when the plurality of reflecting mir- 
rors rotate about the elevation shaft. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

35 Figs. 1 are a side view and a top view showing an 
antenna device in accordance with a first embodi- 
ment of the present invention. 
Figs. 2 are a side view and a top view showing the 
antenna device corresponding to Figs. 1 , in which 

^o a main reflection mirror is supported by a support 
structure in a state where the main reflection mirror 
is axially arranged apart from a sub-reflection mir- 
ror. 

Fig. 3 is a side view showing an antenna device in 
45 accordance with a second embodiment of the 
present invention. 

Fig. 4 is a top view showing the antenna device in 
accordance with the second embodiment of the 
present invention. 
so Fig. 5 is a side view showing an antenna device in 
accordance with a third embodiment of the present 
invention. 

Fig. 6 is a top view showing the antenna device in 
accordance with the third embodiment of the 
55 present invention. 

Fig. 7 is a side view showing an antenna device in 
accordance with a fourth embodiment of the 
present invention. 




Fig. 8 is a top view showing the antenna device in 
accordance with the fourth embodiment of the 
present invention. 

Fig. 9 is a structural view showing a septum-type 

circularly polarized wave generator in accordance 5 

with the fourth embodiment. 

Fig. 1 0 is a side view showing an antenna device in 

accordance with a fifth embodiment of the present 

invention. 

Fig. 11 is a top view showing the antenna device in 10 
accordance with the fifth embodiment of the present 
invention. 

Fig. 1 2 is a side view showing an antenna device in 
accordance with a sixth embodiment of the present 
invention. is 
Fig. 1 3 is a top view showing the antenna device in 
accordance with the sixth embodiment of the 
present invention. 

Fig. 1 4 is a side view showing an antenna device in 
accordance with a seventh embodiment of the 20 
present invention. 

Fig. 1 5 is a top view showing the antenna device in 
accordance with the seventh embodiment of the 
present invention. 

Fig. 16 is a side view showing an antenna device in 25 
accordance with an eighth embodiment of the 
present invention. 

Fig. 17 is a top view showing the antenna device in 
accordance with the eighth embodiment of the 
present invention. 30 
Fig. 1 8 is a side view showing an antenna device in 
accordance with a ninth embodiment of the present 
invention. 

Fig. 1 9 is a top view showing the antenna device in 
accordance with the ninth embodiment of the 35 
present invention. 

Fig. 20 is a side view showing an antenna device in 
accordance with a tenth embodiment of the present 
invention. 

Rg. 21 is a top view showing the ahtenna device in 40 
accordance with the tenth embodiment of the 
present invention. 

Fig. 22 is a side view showing an antenna device in 
accordance with an eleventh embodiment of the 
present invention. 45 
Fig. 23 is a top view showing the antenna device in 
accordance with the eleventh embodiment of the 
present invention. 

Fig. 24 is a side view showing an antenna device in 
accordance with a twelfth embodiment of the so 
present invention. 

Fig. 25 is a top view showing the antenna device in 
accordance with the twelfth embodiment of the 
present invention. 

Fig. 26 is a side view showing an antenna device in 55 
accordance with a thirteenth embodiment of the 
present invention. 

Fig. 27 is a top view showing the antenna device in 



accordance with the thirteenth embodiment of the 
present invention. 

Fig. 28 is a schematic structural view showing a 
conventional antenna device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

First Embodiment 

[0031] Figs. 1 (a) and 1 (b) are a side view and a top 
view showing a mechanical drive reflecting mirror an- 
tenna device in accordance with a first embodiment of 
the present invention. 

[0032] Referring to Figs. 1, reference numeral 1 de- 
notes a main reflection mirror; 2 is a sub-reflection mir- 
ror; 3 is a primary radiator; 4 is a circular waveguide; 5 
is a circular waveguide rotary joint; 6 is an elevation 
shaft rotary mechanism; 7 is a circular waveguide; 8 is 
a circular waveguide rotary joint; 9 is an azimuth shaft 
rotary mechanism; and P1 is an input/output terminal. 
Also, a reference symbol Az denotes an azimuth rotary 
direction and a reference symbol E1 denotes an eleva- 
tion rotary direction. 

[0033] In this example, a tubular axis of the circular 
waveguide rotary joint 5 is on a horizontal plane that di- 
vides the height of a portion of the antenna device upper 
than the azimuth shaft rotary mechanism 9 into substan- 
tially two equal parts. Also, the circular waveguides 4 
and 7 have three bend portions that are bent at 90 de- 
grees on a vertical plane and three bend portions that 
are bent at 90 degrees on a horizontal plane. In addition, 
the main reflection mirror 1 and the primary radiator 3 
are so located as to be directed upwardly, and the sub- 
reflection mirror 2 is so located as to be directed down- 
wardly. 

[0034] Subsequently, the operation will be described. 
Assuming that an electric wave R1 of a right-handed cir- 
cularly polarized wave of a circular waveguide TE11 
mode (basic mode) is inputted from a terminal P1 , the 
electric wave R1 is propagated through the rotary joint 
8, the circular waveguide 7, the rotary joint 5 and the 
circular waveguide 4 and then radiated from the main 
reflection mirror 1 through the primary radiator 3 and the 
sub-reflection mirror 2 toward the air as the right-handed 
circularly polarized wave. 

[0035] In addition, because the electric wave R1 of the 
circularly polarized wave is different in transmission and 
reflection characteristics between a case in which an 
electric field is perpendicular to a bent surface on the 
respective bend portions of 90 degrees and a case in 
which the electric field is horizontal thereto when being 
propagated through the circular waveguide 7, the elec- 
tric wave R1 becomes an elliptically polarized wave. 
However, because the circular waveguide 7 is wired with 
the provision of the same number of bend portions bent 
at 90 degrees on the vertical plane and bend portions 
bent at 90 degrees on the horizontal plane, the electric 
wave R1 that becomes the elliptically polarized wave 
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halfway is finally corrected to the circularly polarized 
wave at a position where the electric wave R1 is emitted 
from the circular waveguide 7. The same is applied to 
the propagation of the electric wave R1 through the cir- 
cular waveguide 4. 

[0036] Also, since the rotary joints 8 and 5 are struc- 
tured with the circular waveguide TE11 mode as the 
propagation mode, the rotary joints 8 and 5 can be driv- 
en over a wide angular range without deteriorating the 
electric characteristic, thereby being capable of trans- 
mitting the antenna beam while scanning the antenna 
beam over a wide angle. Also, the excellent transmis- 
sion and reflection characteristics can be expected over 
the wide band. 

[0037] The above-mentioned operational principle is 
applied at the time of transmitting the right-handed cir- 
cularly polarized wave. However, the same is applied to 
the time of receiving the right-handed circularly polar- 
ized wave. Also, the same is applied to a case of trans- 
mitting and receiving a left-handed circularly polarized 
wave. 

[0038] As described above, according to the first em- 
bodiment shown in Figs. 1 , because the antenna portion 
and the rotary joint portion are connected to each other 
by the circular waveguides 4 and 7 that have a plurality 
of 90-degree bendings and compensate the circularly 
polarized wave characteristic, the height of a portion of 
the antenna device upper than the azimuth shaft rotary 
mechanism 9 can be appropriately reduced without de- 
teriorating the electric characteristic, and there can be 
obtained a mechanical drive reflecting mirror antenna 
device that enables the downsizing, the low attitude and 
wide-angle scanning and is high in performance. 
[0039] Subsequently, an example in which the main 
reflection mirror 1 structured as shown in Figs. 1 is sup- 
ported by a support structure 53 in a state where the 
main reflection mirror 1 is axially arranged apart from 
the sub-reflection mirror 2 will be described with refer- 
ence to Figs. 2. 

[0040] Figs. 2(a) and 2(b) are a side view and a top 
view showing the mechanical drive reflecting mirror an- 
tenna device corresponding to Figs. 1(a) and 1(b), re- 
spectively. 

[0041] Referring to Figs. 2, the same parts as those 
in Figs. 1 are denoted by like reference symbols and 
their description will be omitted. As new reference sym- 
bols, reference numeral 51 denotes an azimuth shaft; 
52 is an elevation shaft; 53 is a support mechanism; 54 
is an azimuth shaft rotary driving source; 55 is an ele- 
vation shaft rotary driving source; and P1 is an input/ 
output terminal. Reference symbol Az denotes an azi- 
muth rotary direction, and a reference symbol E1 de- 
notes an elevation rotary direction. 
[0042] The operation is the same as that of the exam- 
ple shown in Figs. 1, and in Figs. 2, only characteristic 
points will be described. 

[0043] The main reflection mirror 1 and the sub-reflec- 
tion mirror 2 are so supported as to rotate about the el- 



evation shaft 52 by the elevation shaft rotary mechanism 
6 and are caused to rotate by the elevation shaft rotary 
driving source 55. The circular waveguide 4 connected 
to the primary radiator 3 is connected to the first circular 

s waveguide rotary joint 5 at a position on the elevation 
shaft 52 so as not to prevent the rotations of the main 
reflection mirror 1 and the sub-reflection mirror 2. 
[0044] The main reflection mirror 1 thus supported so 
as to rotate about the elevation shaft 52 is also so de- 

10 signed as to rotate the azimuth shaft 51 in combination 
with the azimuth shaft rotary mechanism 9 by the rotary 
driving source 54. The second circular waveguide rotary 
joint 8 is disposed at the rotary center of the rotary mech- 
anism 9 between the circular waveguide 7 and the input/ 

15 output terminal P1 , and at that portion , the rotary mech- 
anism 9, and the main reflection mirror 1 and the sub- 
reflection mirror 2 on the rotary mechanism are permit- 
ted to rotate about the azimuth shaft 51 . 
[0045] The main reflection mirror 1 is an antenna that 

20 has a substantially rectangular opening having the di- 
mension as a whole of a length D (refer to Fig. 2(b)) in 
a direction of the elevation shaft 3 and the dimension of 
a width W (refer to Fig. 2(b)) in a direction perpendicular 
to the elevation shaft 3. Also, the sub-reflection mirror 2 

25 is also an antenna having a substantially rectangular 
opening. The elevation shaft 52 is an axis that passes 
through the substantially center position of the distance 
(height) H in the azimuth shaft 51 direction (height di- 
rection) of the main reflection mirror 1 (refer to Fig. 2(a)) 

30 and passes through the substantially center position in 
a direction (widthwise direction) W perpendicular to the 
elevation shaft 52 (refer to Fig. 2(b)). 
[0046] Therefore, when the main reflection mirror 1 
and the sub-reflection mirror 2 are rotated about the el- 

35 evation shaft 52, a range where the main reflection mir- 
ror 1 and the sub-reflection mirror 2 move, that is, the 
operation region of the main reflection mirror 1 and the 
sub- reflection mirror 2 is inside a circle that is drawn by 
the outermost edge of the main reflection mirror 1 about 

40 the elevation shaft 52 as a center. 

[0047] The operation region represented by that circle 
is extremely small as compared with that of the conven- 
tional antenna as disclosed in, for example, Proceed- 
ings of ISAP2000, pp. 497-500, Japan, H. Wakana etal, 

45 and the antenna height does not become high even 
when the reflecting mirror rotates about the elevation 
shaft. 

[0048] The main reflection mirror 1 and the sub-reflec- 
tion mirror 2 are adjusted in their mirror surfaces so as 

so to receive and reflect substantially ail of the electromag- 
netic waves supplied to the main reflection mirror 1 and 
the sub-reflection mirror 2. Since a specific procedure 
of this mirror surface adjustment is well known in this 
technical field, the procedure will not be described in de- 

55 tail. The mirror surface adjustment is a manner for con- 
trolling the opening configuration of the antenna and the 
opening distribution of the antenna, which is described 
in detail in, for example, IEE Proc. Microw. Antennas 



7 



EP 1 291 965 A1 



14 



Progag. Vol. 146, No. 1, pp. 60-64, 1999. In this exam- 
ple, an adjustment Is made on the opening configuration 
of the antenna to have a substantially rectangular 
shape, and a mirror surface adjustment Is made to make 
the opening distribution uniform. 
[0049] The above antenna device is a double-mirror 
Cassegrain antenna that reflects an electric wave radi- 
ated from the primary radiator 3 by the sub-reflection 
mirror 2, also reflects the reflected electric wave by the 
main reflection mirror 1 and irradiates the electric wave 
toward a target although not shown. In the elevation di- 
rection, the main reflection mirror 1 , the sub- reflection 
mirror2, the support mechanism 53 of the sub-reflection 
mirror 2, the primary radiator 3 and the circular 
waveguide 4 can rotate about the elevation rotary shaft 
52 as center. The circular waveguide 4 is connected to 
the circular waveguide 7 through the rotary joint 5, and 
can supply power to the primary radiator 3 even if the 
antenna rotates about the elevation shaft 52. 
[0050] Also, in addition to the above-mentioned struc- 
tural component that rotates about the elevation shaft 
52, the rotary joint 5 and the circular waveguide 7 are 
fixed on the rotary mechanism 9, and because the an- 
tenna that can rotate about the azimuth shaft 51 (in az- 
imuth direction) can scan freely by two axes of elevation 
and azimuth, a beam of the antenna can be directed to- 
ward an arbitrary direction. Fig. 2(b) is a diagram show- 
ing the reflecting mirror antenna device as viewed from 
the top (from the mirror axis direction). 
[0051] The reflecting mirror antenna device is charac- 
terized by designing the antenna in such a manner that 
not only the antenna height H but also the size (width) 
W in a direction perpendicular to the elevation shaft 52 
and the azimuth shaft 51 becomes small so that the an- 
tenna height does not become high even when the an- 
tenna device scans in the elevation direction, and the 
outline of the design procedure of the reflecting mirror 
antenna device includes the following two steps. 
[0052] First, an axial symmetric Cassegrain antenna 
having the antenna height: H = D/4 is designed o that 
the height of the antenna in a state where antenna does 
not scan becomes low. The condition is a condition 
where the antenna height H including the main reflection 
mirror 1 and the sub-reflection mirror 2 becomes lowest 
with the same opening diameter when the sub- reflection 
mirror 2 is a perfect hyperboloid and the main reflection 
mirror 1 is a perfect paraboloid. 
[0053] Subsequently, in order to lower the antenna 
height H when scanning about the elevation shaft 52 (in 
elevation direction), the mirror surface is adjusted so 
that the size (width) W of the main reflection mirror 1 in 
a direction perpendicular to both of the azimuth shaft 51 
and the elevation shaft 52 becomes small. 
[0054] The mirror surface adjustment is a manner for 
controlling the opening configuration of the antenna and 
the opening distribution of the antenna, which is dis- 
closed in, for example, I EE Proc. Microw. Antennas 
Propag. Vol. 146, No. 1, pp. 60-64, 1999 mentioned 



above. The mirrorsurface is adjusted, thereby being ca- 
pable of realizing various configurations of the antenna 
opening and the opening distribution. Also, the opening 
diameter D of the antenna is adjusted, thereby being ca- 
5 pable of adjusting the gain of the antenna and the beam 
width in the azimuth direction. In addition, the opening 
distribution of the antenna is controlled at the time of 
adjusting the mirror surface, thereby being capable of 
adjusting the gain and beam width of the antenna. 
w [0055] As described above, according to the embod- 
iment shown in Figs. 2, because the antenna portion and 
the rotary joint portion are connected to each other by 
the circular waveguides 4 and 7 that have a plurality of 
90-degree bendings and compensate the circularly po- 
15 larized wave characteristic, and an adjustment that the 
opening configuration of the antenna is shaped into a 
substantial rectangle and a mirror surface adjustment 
that the opening distribution is made uniform are con- 
ducted on the antenna device, it is possible to appropri- 
ate ately reduce the height of a portion of the antenna device 
upper than the azimuth shaft rotary mechanism 9 with- 
out deterioration of the electric characteristic, and there 
can be obtained a mechanical drive reflecting mirror an- 
tenna device that can appropriately reduce the height of 
25 a portion of the antenna device upper than the mechan- 
ical drive reflecting mirror azimuth shaft rotary mecha- 
nism 9 which enables the downsizing, the low attitude 
and the wide-angle scanning and is high in perform- 
ance, and enables the downsizing, the low attitude and 
30 wide-angle scanning while keeping the low attitude of 
the entire antenna device and is high in performance. 

Second Embodiment 

35 [0056] Fig. 3 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with a second embodiment of the present invention, and 
Fig. 4 is a top view of the mechanical drive reflecting 
mirror antenna device. 

40 [0057] Referring to Figs. 3 and 4, the same parts as 
those in the first embodiment shown in Figs. 1 and 2 are 
designated by like reference symbols, and their descrip- 
tion will be omitted. As new reference numerals, refer- 
ence numerals 10 and 11 are square waveguides; and 

45 12 to 14 are square-circle waveguide multi-step trans- 
formers as square-circle waveguide transforming por- 
tions. 

[0058] In the above-mentioned first embodiment, 
there are provided the circular waveguides 4 and 7, but 

so jn the second embodiment, as shown in Figs. 3 and 4, 
there is provided the square waveguide 1 0 having three 
bend portions that are bent at 90 degrees on the vertical 
plane and three bend portions that are bent at 90 de- 
grees on the horizontal plane instead of the circular 

55 waveguide 4, there is provided the square waveguide 
11 having three bend portions that are bent at 90 de- 
grees on the vertical plane and three bend portions that 
are bent at 90 degrees on the horizontal plane instead 
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of the circular waveguide 7, and there are provided the 
square-circle waveguide multi-step transformers 12 to 
14. 

[0059] With the above structure, since the reflection 
characteristic at the waveguide bend portions can be im- 
proved over the wide band, there can be realized the 
mechanical drive reflecting mirror antenna device low in 
attitude and high in performance having the more excel- 
lent reflection characteristic. 

Third Embodiment 

[0060] Fig. 5 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with a third embodiment of the present invention, and 
Fig. 6 is a top view of the mechanical drive reflecting 
mirror antenna device. 

[0061] In Figs. 5 and 6, the same parts as those in the 
second embodiment shown in Figs. 3 and 4 are desig- 
nated by like reference symbols and their description will 
be omitted. As new reference numerals, reference nu- 
merals 15 to 17 are square-circle waveguide tapers as 
the square-circle waveguide transforming portions. 
[0062] In the above-mentioned second embodiment, 
there are provided the square-circle waveguide multi- 
step transformers 1 2 to 1 4, but in the third embodiment, 
as shown in Figs. 5 and 6, there are provided the square- 
circle waveguide tapers 15 to 1 7. 
[0063] With the above structure, since the reflection 
characteristic at the square-circle waveguide transf orm- 
ing portion can be improved over the wide band, there 
can be realized the mechanical drive reflecting mirror 
antenna device low in attitude and high in performance 
having the more excellent reflection characteristic. 

Fourth Embodiment 

[0064] Fig. 7 is a side view showing an antenna device 
in accordance with a fourth embodiment of the present 
invention, and Fig. 8 is a top view of the antenna device. 
Also, Fig. 9 is a schematically structural view of a sep- 
tum-type circularly polarized wave generator disclosed 
in, for example, J. Uher, J. Bornemann, U.Rosenberg, 
"Waveguide Components for Antenna Feed Systems: 
Theory and CAD", ARTECH HOUSE INC., pp. 432-435, 
1993. 

[0065] Referring to Figs. 7 and 8, the same parts as 
those in the above-mentioned respective embodiments 
are designated by like reference symbols and their de- 
scription will be omitted. As new reference numerals, 
reference numerals 18 to 21 are septum-type circularly 
polarized wave generators that serve as orthogonal po- 
larization diplexers that transform a circularly polarized 
wave or a linearly polarized wave having an arbitrary 
angle into a rectangular waveguide mode, and 22 to 25 
are rectangular waveguides. 
[0066] In this example, the tubular axis of the circular 
waveguide rotary joint 5 is on the horizontal plane that 



divides the height of a portion of the antenna device up- 
per than the azimuth shaft rotary mechanism 9 into sub- 
stantially two equal parts. Also, the rectangular 
waveguides 22 and 23 have three H-plane bend por- 

5 tions that are bent at 90 degrees on the vertical plane, 
and are also wired in parallel with each other with the 
same configuration. In addition, the rectangular 
waveguides 24 and 25 have four H-plane bend portions 
that are bent at 90 degrees on the vertical plane, and 

io are also wired in parallel with each other with the same 
configuration. In addition, the main reflection mirror 1 
and the primary radiator 3 are so disposed as to be di- 
rected upward, and the sub-reflection mirror 2 is so dis- 
posed as to be directed downward. 

15 [0067] Also, referring to Fig. 9, reference numeral 26 
denotes a square waveguide; 27 is a stepped metal thin 
plate; 28 and 29 are rectangular waveguides structured 
by partitioning the square waveguide 26 by a metal thin 
plate 27; P2 is a right-handed and left-handed circularly 

20 polarized wave input/output terminal; P3 is a linearly po- 
larized wave input/output terminal, the linearly polarized 
wave being transformed from a right-handed circularly 
polarized wave or transformed to the right-handed cir- 
cularly polarized wave; and P4 is a linearly polarized 

25 wave input/output terminal, the linearly polarized wave 
being transformed from a left-handed circularly polar- 
ized wave or transformed to the left-handed circularly 
polarized wave. 

[0068] Subsequently, the operation will be described. 

30 Assuming that the electric wave R1 of the right-handed 
circularly polarized wave of the circular waveguide TE11 
mode is inputted from the terminal P1 , the electric wave 
R1 passes through the rotary joint 8 and the square-cir- 
cle waveguide taper 17 and is then inputted to the ter- 

35 minal P2 of the septum-type circularly polarized wave 
generator 21 . In this situation, the electric wave R1 is 
transformed into the linearly polarized wave inputted on- 
ly from the terminal P3 of the septum-type circularly po- 
larized wave generator 21 . 

40 [0069] The electric wave R1 that has been trans- 
formed into the linearly polarized wave is propagated in 
the rectangular waveguide 24 and then inputted to the 
terminal P3 of the septum-type circularly polarized wave 
generator 20. In this situation, after being again trans- 

^5 formed to the right-handed circularly polarized wave, the 
electric wave R1 passes through the square-circle 
waveguide taper 16, the rotary joint 5 and the square- 
circle waveguide taper 1 5 and is then inputted to the ter- 
minal P2 of the septum-type circularly polarized wave 

50 generator 19. In this example, the electric wave R1 is 
transformed to the linearly polarized wave inputted only 
from the terminal P3 of the septum-type circularly polar- 
ized wave generator 19. 

[0070] The electric wave R1 transformed to the line- 
55 arty polarized wave is propagated in the rectangular 
waveguide 22 and then inputted to the terminal P3 of 
the septum-type circularly polarized wave generator 18. 
In this example, after being again transformed to the 
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right-handed circularly polarized wave, the electric wave 
R1 is radiated toward the air from the main reflection 
mirror 1 through the primary radiator 3 and the sub-re- 
flection mirror 2 as the right-handed circularly polarized 
wave. 5 
[0071] In this example, there is advantageous in that 
a design can be readily made that the reflection at the 
bend portions having the respective H planes bent at 90 
degrees when the electric wave R1 of the circularly po- 
larized wave is propagated through the rectangular 
waveguide 24 is made very small over the wide band. 
The same is applied to the propagation of the electric 
wave R1 through the rectangular waveguide 22. 
[0072] Also, since the rotary joints 8 and 5 are struc- 
tured with the circular waveguide TE11 mode used as 
the propagation mode, the rotary joints 8 and 5 can be 
driven over the wide angular range without deteriorating 
the electric characteristic, thereby being capable of 
transmitting the antenna beam while scanning over the 
wide angle. Also, the excellent transmission and reflec- 
tion characteristics over the wide band can be expected. 
[0073] The above-mentioned operational principle is 
applied to a time of transmitting the right-handed circu- 
larly polarized wave, and the same is applied to a re- 
ceiving time. Also, the same is applied to a time of trans- 
mitting and receiving the left-handed circularly polarized 
wave. 

[0074] As described above, according to the fourth 
embodiment, because the antenna portion and the ro- 
tary joint portion are connected to each other by the rec- 
tangular waveguide, the degree of freedom of the wiring 
design is made high, and the height of a portion of the 
antenna device upper than the azimuth shaft rotary 
mechanism can be designed so as to be appropriately 
small without deteriorating the electric characteristic. 

Fifth Embodiment 

[0075] Fig. 10 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with a fifth embodiment of the present invention, and Fig. 
11 is atop view of the mechanical drive reflecting mirror 
antenna device. 

[0076] In Figs. 10 and 1 1 , reference symbols 1a and 
1b denote main reflection mirrors; 2a and 2b are sub- 
reflection mirrors; 3a and 3b are primary radiators; 5a 
and 5b are circular waveguide rotary joints; 6a and 6b 
are elevation shaft rotary mechanisms; 15a, 15b, 16a 
and 16b are square-circle waveguide tapers; 18a, 18b, 
1 9a, 1 9b, 20a and 20b are septum-type circularly polar- 
ized wave generators that serve as the orthogonal po- 
larization diplexers; 22a, 22b, 23a, 23b, 24a, 24b, 25a 
and 25b are rectangular waveguides; 30a and 30b are 
rectangular waveguide H-plane T-branching circuits. 
[0077] In this example, the rotary axes of the circular 
waveguide rotary joints 5a and 5b are coaxial and are 
arranged on the horizontal plane that divides the height 
of a portion of the antenna device upper than the azi- 



muth shaft rotary mechanism 9 into substantially two 
equal parts. Also, the rectangular waveguides 22a, 22b, 
23a and 23b have three H-plane bend portions that are 
bent at 90 degrees on the vertical plane, and are also 
wired in parallel with each other with the same configu- 
ration. In addition, the rectangularwaveguides24a, 24b, 
25a and 25b have four H-plane bend portions that are 
bent at 90 degrees on the vertical plane, and are also 
wired in parallel with each other with the same configu- 
ration. Also, the rectangular waveguide H-plane T- 
branching circuits 30a and 30b are arranged in parallel 
with each other on the same configuration. In addition, 
the main reflection mirrors 1a, 1b and the primary radi- 
ators 3a, 3b are so disposed as to be directed upward, 
and the sub-reflection mirrors 2a and 2b are so disposed 
as to be directed downward. 

[0078] Then, the operation will be described. Assum- 
ing that the electric wave R1 of the right-handed circu- 
larly polarized wave of the circular waveguide TE11 
mode is inputted from the terminal P1 , the electric wave 
R1 passes through the rotary joint 8 and the square-cir- 
cle waveguide taper 17 and is then inputted to the ter- 
minal P2 of the septum -type circularly polarized wave 
generator 21. In this situation, the electric wave R1 is 
transformed into a linearly polarized wave that is input- 
ted only from the terminal P3 of the septum-type circu- 
larly polarized wave generator 21 . 
[0079] The electric wave R1 transformed into the lin- 
early polarized wave is distributed into an electric wave 
R1a and an electric wave R1b in two equal powers by 
the rectangular waveguide H-plane T-branching circuit 
30a. 

[0080] The distributed electric wave R1 a is propagat- 
ed in the rectangular waveguide 24a and is then inputted 
to the terminal P3 of the septum-type circularly polarized 
wave generator 20a. In this situation, after the electric 
wave R1a has been again transformed into the right- 
handed circularly polarized wave, the electric wave R1 a 
passes through the square-circle waveguide taper 16a, 
the rotary joint 5a and the square-circle waveguide taper 
15a and is then inputted to the terminal P2 of the sep- 
tum-type circularly polarized wave generator 1 9a. Then, 
the electric wave R1 a is transformed into a linearly po- 
larized wave that is inputted only from the terminal P3 
of the septum-type circularly polarized wave generator 
19a. 

[0081] Further, the electric wave R1 a transformed to 
the linearly polarized wave is propagated in the rectan- 
gular waveguide 22a and then inputted to the terminal 
P3 of the septum-type circularly polarized wave gener- 
ator 18a. In this example, after being again transformed 
to the right-handed circularly polarized wave, the elec- 
tric wave R1a is radiated toward the air from the main 
reflection mirror 1 a through the primary radiator 3a and 
the sub-reflection mirror 2a as the right-handed circu- 
larly polarized wave. 

[0082] Likewise, the distributed electric wave R1b is 
propagated in the rectangular waveguide 24b and Is 
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then Inputted to the terminal P3 of the septum-type cir- 
cularly polarized wave generator 20b. In this situation, 
after the electric wave R1 b has been again transformed 
into the right-handed circularly polarized wave, the elec- 
tric wave R1b passes through the . square-circle 
waveguide taper 1 6b, the rotary joint 5b and the square- 
circle waveguide taper 15b and is then inputted to the 
terminal P2 of the septum-type circularly polarized wave 
generator 19b. Then, the electric wave R1b is trans- 
formed into a linearly polarized wave that is inputted only 
from the terminal P3 of the septum-type circularly polar- 
ized wave generator 19b. 

[0083] Further, the electric wave R1 b transformed to 
the linearly polarized wave is propagated in the rectan- 
gular waveguide 22b and then inputted to the terminal 
P3 of the septum-type circularly polarized wave gener- 
ator 1 8b. In this example, after being again transformed 
to the right-handed circularly polarized wave, the elec- 
tric wave R1b is radiated toward the air from the main 
reflection mirror 1b through the primary radiator 3b and 
the sub-reflection mirror 2b as the right-handed circu- 
larly polarized wave. 

[0084] In this example, there is advantageous in that 
a design can be readily made that the reflection at the 
bend portions having the respective H planes bent at 90 
degrees when the electric wave R1 of the circularly po- 
larized wave is propagated through the rectangular 
waveguides 22a to 25b is made very small over the wide 
band. The same is applied to the propagation of the 
electric wave R1 through the rectangular waveguide 22. 
[0085] Also, since the rotary joints 8, 5a and 5b are 
structured with the circular waveguide TE11 mode used 
as the propagation mode, the rotary joints 8, 5a and 5b 
can be driven over the wide angular range without de- 
teriorating the electric characteristic, thereby being ca- 
pable of transmitting the antenna beam while scanning 
over the wide angle. Also, the excellent transmission 
and reflection characteristics over the wide band can be 
expected 

[0086] In addition, since two main reflection mirrors 
are employed, the height of from the main reflection mir- 
ror 1 to the sub-reflection mirror 2 can be so designed 
as to be small as compared with an antenna device hav- 
ing one main reflection mirror which obtains the same 
radiation characteristic, thereby being capable of more 
downsizing the antenna device without deteriorating the 
radiation characteristic. 

[0087] The above-mentioned operational principle is 
applied to a time of transmitting the right-handed circu- 
larly polarized wave, but the same is applied to a receiv- 
ing time. Also, the same is applied to a time of transmit- 
ting and receiving the left-handed circularly polarized 
wave. 

[0088] As described above, according to the fifth em- 
bodiment, since there are two systems of the main re- 
flection mirrors and the sub-reflection mirrors, and the 
antenna portion and the rotary joint portions are con- 
nected to each other by the rectangular waveguide with 



the effects that the degree of freedom of the wiring de- 
sign is made high, and the height of a portion of the an- 
tenna device upper than the azimuth shaft rotary mech- 
anism can be so designed as to be smaller without de- 
5 teriorating the electric characteristic. 

Sixth Embodiment 

[0089] Fig. 12 is a side view showing a mechanical 
10 drive reflecting mirror antenna device in accordance 
with a sixth embodiment of the present invention, and 
Fig. 13 is a top view of the mechanical drive reflecting 
mirror antenna device. 

[0090] Referring to Figs. 12 and 13, the same parts 
15 as those in the fifth embodiment shown in Figs. 1 0 and 
11 are designated by like reference symbols, and their 
description will be omitted. As new reference symbols, 
reference symbols 38a and 36b are circular 
waveguides. 

20 [0091] In this example, the main reflection mirrors 1 a 
and 1b are located obliquely upwardly, the sub-reflec- 
tion mirrors 2a and 2b are disposed obliquely down- 
ward, and the primary radiators 3a and 3b are located 
to be directed horizontally. Only the main reflection mir- 

25 rors 1 a, 1 b and the sub-reflection mirrors 2a, 2b are so 
designed as to rotate in an elevation rotary direction E1 . 
[0092] Then, the operation will be described. Assum- 
ing that the electric wave R1 of the right-handed circu- 
larly polarized wave of the circular waveguide TE11 

30 mode is inputted from the terminal P 1 , the electric wave 
R1 passes through the rotary joint 8 and the square-cir- 
cle waveguide taper 1 7 and is then inputted to the ter- 
minal P2 of the septum-type circularly polarized wave 
generator 21 that serves as a orthogonal polarization 

35 diplexer. In this situation, the electric wave R1 is trans- 
formed into a linearly polarized wave that is inputted only 
from the terminal P3 of the septum-type circularly polar- 
ized wave generator 21 . 

[0093] The electric wave R1 transformed into the lin- 
^o early polarized wave is distributed into an electric wave 
R1a and an electric wave R1b in two equal powers by 
the rectangular waveguide H-plane T-branching circuit 
30a. 

[0094] The distributed electric wave R1 a is inputted 
<5 to the terminal P3 of the septum-type circularly polarized 
wave generator 20a that serves as the orthogonal po- 
larization diplexer. In this situation, after the electric 
wave R1a has been again transformed into the right- 
handed circularly polarized wave, the electric wave R1 a 
50 passes through the square-circle waveguide taper 1 6a 
and the circular waveguide 38a, and is then radiated to- 
ward the air from the main reflection mirror 1a through 
the primary radiator 3a and the sub- reflection mirror 2a 
as the right-handed circularly polarized wave. 
55 [0095] Likewise, the distributed electric wave R1 b is 
inputted to the terminal P3 of the septum-type circularly 
polarized wave generator 20b that serves as the orthog- 
onal polarization diplexer. In this situation, after the elec- 
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trie wave R1 b has been again transformed into the right- 
handed circularly polarized wave, the electric wave R1 b 
passes through the square-circle waveguide taper 1 6b 
and the circular waveguide bend 31b, and is then radi- 
ated toward the air from the main reflection mirror 1b 
through the primary radiator 3b and the sub-reflection 
mirror 2b as the right-handed circularly polarized wave. 
[0096] In this way, there is advantageous in that the 
size of a power feeding circuit of from the rotary joint 8 
to the primary radiators 3a, 3b can be very reduced. Al- 
so, there is advantageous in that a design can be made 
to reduce a loss when the electric wave R1 of the circu- 
larly polarized wave is propagated from the rotary joint 
8 to the primary radiators 3a, 3b. 
[0097] Also, since the rotary joint 8 is structured with 
the circular waveguide TE1 1 mode used as the propa- 
gation mode, the rotary joint 8 can be driven over the 
wide angular range without deteriorating the electric 
characteristic, thereby being capable of transmitting the 
antenna beam whilescanning overthe wide angle. Also, 
the excellent transmission and reflection characteristics 
can be expected over the wide band. 
[0098] In addition, since two main reflection mirrors 
are employed, the height of from the main reflection mir- 
ror 1 to the sub-reflection mirror 2 can be so designed 
as to be small as compared with an antenna device hav- 
ing one main reflection mirror which obtains the same 
radiation characteristic, thereby being capable of more 
downsizing the antenna device without deteriorating the 
radiation characteristic. 

[0099] The above-mentioned operational principle is 
applied to a time of transmitting the right-handed circu- 
larly polarized wave, but the same is applied to a receiv- 
ing time. Also, the same is applied to a time of transmit- 
ting and receiving the left-handed circularly polarized 
wave. 

[01 00] As described above, according to the sixth em- 
bodiment, since there are two systems of the main re- 
flection mirrors and the sub-reflection mirrors that are 
located obliquely downward or upward, and the antenna 
portion and the rotary joint portions are connected to 
each other by the rectangular waveguide with the effects 
that the size of the power feeding circuit can be reduced, 
the degree of freedom of the wiring design is made high, 
and the height of a portion of the antenna device upper 
than the azimuth shaft rotary mechanism can be so de- 
signed as to be smaller without deteriorating the electric 
characteristic. 

Seventh Embodiment 

[0101] Fig. 14 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with a seventh embodiment of the present invention, 
and Fig. 1 5 is a top view of the mechanical drive reflect- 
ing mirror antenna device. 

[0102] Referring to Figs. 14 and 15, the same parts 
as those in the sixth embodiment shown in Figs. 1 2 and 



13 are designated by like reference symbols, and their 
description will be omitted. As new reference symbols, 
reference symbols 39a, 39b, and 40 are polarization di- 
viders as orthogonal polarization diplexers. 

5 [0103] In the above-mentioned sixth embodiment, the 
septum circularly polarized wave generators 20 and 21 
are employed as the orthogonal polarization diplexer, 
but if polarization dividers 39 and 40 are employed in- 
stead of the septum circularly polarized wave generator 

10 as shown in Figs. 1 4 and 1 5, it can be expected to realize 
the low-attitude mechanical drive reflecting mirror an- 
tenna device excellent in the reflection characteristic 
over the wide band. 

15 Eighth Embodiment 

[0104] Fig. 16 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with an eighth embodiment of the present invention, and 
20 Fig. 1 7 is a top view of the mechanical drive reflecting 
mirror antenna device. 

[0105] Referring to Figs. 16 and 17, the same parts 
as those in the seventh embodiment shown in Figs. 14 
and 15 are designated by like reference symbols, and 
25 their description will be omitted. As new reference sym- 
bols, reference symbols 31a and 31b are circular 
waveguide bends. 

[01 06] In the above-mentioned sixth and seventh em- 
bodiments, the primary radiators 3a and 3b are located 

30 horizontally, but if the primary radiators 3a and 3b are 
so located as to be directed obliquely upward, and the 
circular waveguide bends 31a and 31b are employed 
instead of the circular waveguide 38 as shown in Figs. 
16 and 1 7, the height of from the main reflection mirror 

35 1 to the sub-reflection mirror 2 can be so designed as 
to be made further smaller, and the antenna device can 
be expected to be further downsized without increasing 
the power feeding circuit and without deteriorating the 
radiation characteristic. 

40 

Ninth Embodiment 

[0107] Fig. 18 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
45 with a ninth embodiment of the present invention, and 
Fig. 19 is a top view of the mechanical drive reflecting 
mirror antenna device. 

[0108] In Figs. 1 8 and 1 9, reference symbols 1 a to 1 d 
denote main reflection mirrors; 2a to 2d are sub-reflec- 

50 tion mirrors; 3a to 3d are primary radiators; 38a to 38d 
are circular waveguides; 1 6a to 1 6d and 1 7 are square- 
circle waveguide tapers; 20a to 20d and 21 are septum- 
type circularly polarized wave generators; 30a to 30f are 
rectangular waveguide H-plane T-branching circuits; 41 

55 to 44 are rectangular waveguides; 8 is a circular 
waveguide rotary joint; and 9 is an azimuth shaft rotary 
mechanism. 

[0109] In this example, the main reflection mirrors 1 a 
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to 1 d are so located as to be directed obliquely upward, 
the sub-reflection mirrors 2a to 2d are so located as to 
be directed obliquely downward, and the primary radia- 
tors 3a to 3d are so located as to be directed horizontally. 
Also, only the main reflection mirrors 1a to 1d and the 
sub-reflection mirrors 2a to 2d are so structured as to 
rotate about the elevation shaft on the same axis. 
[0110] Then, the operation will be described. Assum- 
ing that the electric wave R1 of the right-handed circu- 
larly polarized wave of the circular waveguide TE11 
mode is inputted from the terminal P1 , the electric wave 
R1 passes through the rotary joint 8 and the square-cir- 
cle waveguide taper 17 and is then inputted to the ter- 
minal P2 of the septum-type circularly polarized wave 
generator 21. In this situation, the electric wave R1 is 
transformed into a linearly polarized wave that is input- 
ted only from the terminal P3 of the septum-type circu- 
larly polarized wave generator 21 . 
[01 11] The electric wave R1 transformed into the lin- 
early polarized wave is distributed into an electric wave 
R1e and an electric wave R1f in two equal powers by 
the rectangular waveguide H-plane T-branching circuit 
30e. The distributed electric wave R1 e is inputted to the 
rectangular waveguide H-plane T-branching circuit 30a 
through the rectangular waveguide 41 . In this situation, 
the electric wave R1e is distributed into the electric 
waves R1a and R1b in two equal powers by the T- 
branching circuit 30a. 

[0112] The distributed electric wave R1a is inputted 
to the terminal P3 of the septum-type circularly polarized 
wave generator 20a. In this situation, after the electric 
wave R1a has been again transformed into the right- 
handed circularly polarized wave, the electric wave R1 a 
passes through the square-circle waveguide taper 1 6a, 
the rotary joint 5a and the circular waveguide 38a, and 
is then radiated toward the air from the main reflection 
mirror 1 a through the primary radiator 3a and the sub- 
reflection mirror 2a as the right-handed circularly polar- 
ized wave. 

[0113] Likewise, the distributed electric wave R1b is 
inputted to the terminal P3 of the septum-type circularly 
polarized wave generator 20b. In this situation, after the 
electric wave R1b has been again transformed into the 
right-handed circularly polarized wave, the electric wave 
R1b passes through the square-circle waveguide taper 
1 6b, the rotary joint 5b and the circular waveguide bend 
31b, and is then radiated toward the air from the main 
reflection mirror 1b through the primary radiator 3b and 
the sub-reflection mirror 2b as the right-handed circu- 
larly polarized wave. 

[0114] Likewise, the distributed electric wave R1f is 
inputted to the rectangular waveguide H-plane T- 
branching circuit 30a through the rectangular 
waveguide 43. In this situation, the electric wave R1f is 
distributed into the electric wave R1c and R1d in two 
equal powers by the T-branching circuit 30c. 
[01 1 5] The distributed electric wave R 1 c is inputted to 
the terminal P3 of the septum-type circularly polarized 



wave generator 20c. In this situation, after the electric 
wave R1c has been again transformed into the right- 
handed circularly polarized wave, the electric wave R1 c 
passes through the square-circle waveguide taper 1 6c, 
s the rotary joint 5c and the circular waveguide 38c, and 
is then radiated toward the air from the main reflection 
mirror 1c through the primary radiator 3c and the sub- 
reflection mirror 2c as the right-handed circularly polar- 
ized wave. 

10 [0116] Likewise, the distributed electric wave R1d is 
inputted to the terminal P3 of the septum-type circularly 
polarized wave generator 20d. In this situation, after the 
electric wave R1d has been again transformed into the 
right-handed circularly polarized wave, the electric wave 

'5 R1 d passes through the square-circle waveguide taper 
1 6d, the rotary joint 5d and the circular waveguide bend 
31 d, and is then radiated toward the air from the main 
reflection mirror 1 d through the primary radiator 3d and 
the sub-reflection mirror 2d as the right-handed circu- 

20 larly polarized wave. 

[0117] As described above, since four main reflection 
mirrors are employed, the height of from the main re- 
flection mirror 1 to the sub-reflection mirror 2 can be so 
designed as to be small as compared with an antenna 

25 device having one main reflection mirror or two main re- 
flection mirrors which obtains the same radiation char- 
acteristic, thereby being capable of more downsizing the 
antenna device without deteriorating the radiation char- 
acteristic. 

30 [01 1 8] Also, there is advantageous in that the size of 
a power feeding circuit of from the rotary joint 8 to the 
primary radiators 3a to 3d can be relatively reduced. Al- 
so, there is advantageous in that a design can be made 
to reduce a loss when the electric wave R1 of the circu- 

35 larly polarized wave is propagated from the rotary joint 
8 to the primary radiators 3a to 3d. 
[0119] Also, since the rotary joint 8 is structured with 
the circular waveguide TE11 mode used as the propa- 
gation mode, the rotary joint 8 can be driven over the 

40 wide angular range without deteriorating the electric 
characteristic, thereby being capable of transmitting the 
antenna beam while scanning over the wide angle. Also, 
the excellent transmission and reflection characteristics 
can be expected over the wide band. 

45 [0120] The above-mentioned operational principle is 
applied to a time of transmitting the right-handed circu- 
larly polarized wave, but the same Is applied to a receiv- 
ing time. Also, the same is applied to a time of transmit- 
ting and receiving the left-handed circularly polarized 

so wave. 

[0121] As described above, according to the ninth em- 
bodiment, since there are four systems of the main re- 
flection mirrors and the sub-reflection mirrors located 
obliquely downward or upward, and the antenna portion 
55 and the rotary joint portions are connected to each other 
by the rectangular waveguide with the effects that the 
height of from the main reflection mirror 1 to the sub- 
reflection mirror 2 can be so designed as to be further 
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reduced, and the antenna device can be expected to be 
further downsized without deteriorating the radiation 
characteristic. 

Tenth Embodiment 

[0122] Fig. 20 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with a tenth embodiment of the present invention, and 
Fig. 21 is a top view of the mechanical drive reflecting 
mirror antenna device. 

[0123] Referring to Figs. 20 and 21 , the same parts 
as those in the eighth embodiment shown in Figs. 16 
and 17 are designated by like reference symbols, and 
their description will be omitted. As new reference nu- 
merals, reference numeral 32 is a polarization divider 
as a orthogonal polarization diplexer; 33a and 33b are 
branching filters; 34a to 34c are 90-degree hybrid cir- 
cuits; 35a and 35b are low-noise amplifiers; 36a and 36b 
are high-power amplifiers; and 37a and 37b are variable 
phase shifters. 

[0124] In the above-mentioned eighth embodiment, 
there is shown the antenna device that transmits and 
receives the circularly polarized wave, but if there are 
provided as shown in Figs. 20 and 21 , a polarization di- 
vider 32, branching filters 33a to 33b, 90-degree hybrid 
circuits 34a to 34c, low-noise amplifiers 35a and 35b, 
high-power amplifiers 36a and 36b and variable phase 
shifters 37a and 37b, there can be realized the low-at- 
titude mechanical drive reflecting mirror antenna device 
that can receive a signal of the right-handed and left- 
handed circularly polarized waves and transmit the lin- 
early polarized wave of an arbitrary angle. 

Eleventh Embodiment 

[0125] Fig. 22 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with an eleventh embodiment of the present invention, 
and Fig. 23 is a top view of the mechanical drive reflect- 
ing mirror antenna device. 

[01 26] In Figs. 22 and 23, the same parts as those in 
the sixth embodiment shown in Figs. 12 and 13 are de- 
noted by like reference symbols, and their description 
will be omitted. Reference symbols 5a and 5b are circu- 
lar waveguide rotary joints, and 6a and 6b are elevation 
shaft rotary mechanisms. 

[0127] In the above-mentioned sixth embodiment, on- 
ly the main reflection mirrors 1a and 1b and the sub- 
reflection mirrors 2a and 2b are so structured as to rotate 
about the elevation shaft without locating the elevation 
shaft rotary joint. However, in the eleventh embodiment, 
as shown in Figs. 22 and 23, the circular waveguide ro- 
tary joint 5a is located between the circular waveguide 
38a and the septum-type circularly polarized wave gen- 
erator 20a, and the circular waveguide rotary joint 5b is 
located between the circular waveguide 38b and the 
septum-type circularly polarized wave generator 20b. 



[01 28] With the above structure, because the main re- 
flection mirrors 1 a, 1 b and the sub-reflection mirrors 2a, 
2b are integrated with the primary radiators 3a and 3b 
to enable the elevation shaft rotation, the mechanical 

s strength of the main reflection mirrors 1 a and 1 b is en- 
hanced, the height of from the main reflection mirrors 
1a and 1b to the sub-reflection mirrors 2a and 2b can 
be so designed as to be small, and the antenna device 
can be further downsized without enlarging the power 

10 feeding circuit and without deteriorating the radiation 
characteristic. 

Twelfth Embodiment 

*s [0129] Fig. 24 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
with a twelfth embodiment of the present invention, and 
Fig. 25 is a top view of the mechanical drive reflecting 
mirror antenna device. 

20 [0130] In Figs. 24 and 25, the same parts as those in 
the ninth embodiment shown in Figs. 18 and 19 are de- 
noted by like reference symbols, and their description 
will be omitted. Reference symbols 5a to 5b are circular 
waveguide rotary joints, and 6a to 6b are elevation shaft 

25 rotary mechanisms. 

[0131] In the above-mentioned ninth embodiment, 
only the main reflection mirrors 1a to 1d and the sub- 
reflection mirrors 2a to 2d are so structured as to rotate 
about the elevation shaft without locating the elevation 

30 shaft rotary joint. However, in the twelfth embodiment, 
as shown in Figs. 24 and 25, the circular waveguide ro- 
tary joint 5a is located between the circular waveguide 
38a and the septum-type circularly polarized wave gen- 
erator 20a, the circular waveguide rotary joint 5b is lo- 

35 cated between the circular waveguide 38b and the sep- 
tum-type circularly polarized wave generator 20b, the 
circular waveguide rotary joint 5c is located between the 
circular waveguide 38c and the septum-type circularly 
polarized wave generator 20c, and the circular 

40 waveguide rotary joint 5d is located between the circular 
waveguide 38d and the septum-type circularly polarized 
wave generator 20d. 

[01 32] With the above structure, because the main re- 
flection mirrors 1a to 1d and the sub-reflection mirrors 

4 5 2a to 2d are integrated with the primary radiators 3a to 
3d to enable the elevation shaft rotation, the mechanical 
strength of the main reflection mirrors 1a to 1d is en- 
hanced, the height of from the main reflection mirrors 
1 a to 1 d to the sub-reflection mirrors 2a to 2d can be so 

so designed as to be smaller, and the antenna device can 
be still further downsized without enlarging the power 
feeding circuit and without deteriorating the radiation 
characteristic. 

55 Thirteenth Embodiment 

[0133] Fig. 26 is a side view showing a mechanical 
drive reflecting mirror antenna device in accordance 
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with a thirteenth embodiment of the present invention, 
and Fig. 27 is a top view of the mechanical drive reflect- 
ing mirror antenna device. 

[0134] In Figs. 26 and 27, the same parts as those in 
the ninth embodiment shown in Figs. 1 8 and 19 are de- 
noted by like reference symbols, and their description 
will be omitted. Reference symbols 31a to 31 d are cir- 
cular waveguide bends. 

[0135] In the above-mentioned ninth embodiment, the 
primary radiators 3a to 3d are so located as to be direct- 
ed horizontally, but in the thirteenth embodiment, as 
shown in Figs. 26 and 27, the primary radiators 3a to 3d 
are so located as to be directed obliquely upward and 
the circular waveguide bends 31a to 31 d are employed 
instead of the circular waveguides 38a to 38d. 
[01 36] With the above structure, the height of from the 
main reflection mirrors 1 a to 1 d to the sub-reflection mir- 
rors 2a to 2d can be so designed as to be smaller, and 
the antenna device can be expected to be still further 
downsized without enlarging the power feeding circuit 
and without deteriorating the radiation characteristic. 
[0137] Finally, the advantages of the present inven- 
tion will be recited as follows: 
[0138] According to the present invention, there can 
be obtained such an advantage that the height of a por- 
tion of the antenna device upper than the azimuth shaft 
rotary mechanism can be appropriately reduced without 
deteriorating the electric characteristic, and there can 
be obtained the mechanical drive reflecting mirror an- 
tenna device that enables the downsizing, the low atti- 
tude and wide-angle scanning and is high in perform- 
ance because the antenna portion and the rotary joint 
portion are connected to each other by the circular 
waveguides that have a plurality of 90-degree bendings 
and compensate the circularly polarized wave charac- 
teristic. 

[01 39] Also, there can be obtained such an advantage 
that the mechanical drive reflecting mirror antenna de- 
vice is realized which is low in attitude and high in per- 
formance with the more excellent reflection character- 
istic since the reflection characteristic on the waveguide 
bend portion can be improved over the wide band with 
the use of the square-circle waveguide multi-step trans- 
former or the square-circle waveguide taper as the 
square-circle waveguide transforming portion. 
[01 40] Further, there can be obtained such an advan- 
tage that the degree of freedom of the wiring design is 
made high, and the height of a portion of the antenna 
device upper than the azimuth shaft rotary mechanism 
can be designed so as to be appropriately small without 
deteriorating the electric characteristic because the an- 
tenna portion and the rotary joint portion are connected 
to each other by the rectangular waveguide. 
[0141] Also, since the first and second rectangular 
waveguides are wired in parallel with each other with 
the same configuration and the third and fourth rectan- 
gular waveguides are wired in parallel with each other 
with the same configuration, the antenna device can be 



further downsized. 

[01 42] Further, there can be obtained such an advan- 
tage that there are two systems of the main reflection 
mirrors and the sub-reflection mirrors, and the antenna 

5 portion and the rotary joint portions are connected to 
each other by the rectangular waveguide with the results 
that the degree of freedom of the wiring design is made 
high, and the height of a portion of the antenna device 
upper than the azimuth shaft rotary mechanism can be 

10 so designed as to be smaller without deteriorating the 
electric characteristic. 

[0143] Still further, since the first and second rectan- 
gular waveguides are wired in parallel with the same 
configuration, the third and fourth rectangular 

*5 waveguides are wired in parallel with the same config- 
uration, the fifth and sixth rectangular waveguides are 
wired in parallel with the same configuration, the sev- 
enth and eighth rectangular waveguides are wired in 
parallel with the same configuration, and the first and 

20 second waveguide T-junctions are disposed in parallel 
with the same configuration, the antenna device can be 
further downsized. 

[0144] Yet still further, because the main reflection 
mirrors and the sub-reflection mirrors are integrated with 

25 the primary radiators to enable the elevation shaft rota- 
tion, the mechanical strength of the main reflection mir- 
rors is enhanced, the height of from the main reflection 
mirrors to the sub-reflection mirrors can be so designed 
as to be small, and the antenna device can be further 

30 downsized without enlarging the power feeding circuit 
and without deteriorating the radiation characteristic. 
[01 45] Yet still further, there can be obtained such an 
advantage that there are two systems of the main re- 
flection mirrors and the sub-reflection mirrors which are 

35 so located as to be directed obliquely downward or up- 
ward, and the antenna portion and the rotary joint por- 
tions are connected to each other by the rectangular 
waveguide with the results that the power feeding circuit 
can be downsized, the degree of freedom of the wiring 

40 design is made high, and the height of a portion of the 
antenna device upper than the azimuth shaft rotary 
mechanism can be so designed as to be smaller without 
deteriorating the electric characteristic. 
[0146] Yet still further, since the circular waveguide 

45 bend is employed instead of the circular waveguide, the 
height of from the main reflection mirrors to the sub-re- 
flection mirrors can be so designed as to be further 
smaller, and the antenna device can be still further 
downsized without enlarging the power feeding circuit 

so and without deteriorating the radiation characteristic. 
[0147] Yet still further, since the first and second 
waveguide T-junctions are disposed in parallel with the 
same configuration, the antenna device can be expect- 
ed to be further downsized. 

55 [0148] Yet still further, since the first circular 
waveguide rotary joint and the second circular 
waveguide rotary joint are so designed as to have the 
same rotary axis, and the third circular waveguide rotary 
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joint is different in the direction of the rotary axis from 
the first and second circular waveguide rotary joints by 
substantially 90 degrees, the rotary mechanism can be 
commonly employed so that the antenna device can be 
downsized. 

[0149] Yet still further, because the main reflection 
mirrors and the sub-reflection mirrors are integrated with 
the primary radiators to enable the elevation shaft rota- 
tion, the mechanical strength of the main reflection mir- 
rors is enhanced, the height of from the main reflection 
mirrors to the sub-reflection mirrors can be so designed 
as to be smaller, and the antenna device can be further 
downsized without enlarging the power feeding circuit 
and without deteriorating the radiation characteristic. 
[0150] Yet still further, there are four systems of the 
main reflection mirrors and the sub-reflection mirrors lo- 
cated obliquely downward or upward, and the antenna 
portion and the rotary joint portions are connected to 
each other bythe rectangular waveguide with the effects 
that the height of from the main reflection mirror to the 
sub-reflection mirrorcan be so designed as to be further 
reduced, and the antenna deice can be expected to be 
further downsized without deteriorating the radiation 
characteristic. 

[0151] Yet still further, the height of from the main re- 
flection mirrors to the sub-reflection mirrors can be so 
designed as to be smaller, and the antenna device can 
be still further downsized without enlarging the power 
feeding circuit and without deteriorating the radiation 
characteristic. 

[0152] Yet still further, since the first and second rec- 
tangular waveguides are wired in parallel with the same 
configuration, the third and fourth rectangular 
waveguides are wired in parallel with the same config- 
uration, the first and second waveguide T-junctions are 
disposed in parallel with the same configuration, the 
third and fourth waveguide T-junctions are disposed in 
parallel with the same configuration, and the fifth and 
sixth waveguide T-junctions are disposed in parallel with 
the same configuration, the antenna device can be ex- 
pected to be further downsized. 
[01 53] Yet still further, since the first to fourth circular 
waveguide rotary joints are so arranged as to provide 
the same rotary axis, and the fifth circular waveguide 
rotary joint is so arranged as to be different in the direc- 
tion of the rotary axis from the above first to fourth cir- 
cular waveguide rotary joints by substantially 90 de- 
grees, the rotary mechanism can be commonly em- 
ployed, and the antenna device can be downsized. 
[0154] Yet still further, since the septum-type circular- 
ly polarized wave generator is employed as the orthog- 
onal polarization diplexer, the downsized power feeding 
circuit can be structured. 

[01 55] Yet still further, since the orthomode transduc- 
er is employed as the orthogonal polarization diplexer, 
the excellent reflection characteristic can be obtained 
over the wide band. 

[01 56] Yet still further, there can be obtained such an 



advantage that there can be realized the mechanical 
drive reflecting mirror antenna device that is capable of 
receiving the signals of the right-handed and left-hand- 
ed circularly polarized waves and transmitting the line- 
5 arly polarized wave of an arbitrary angle and is low in 
attitude. 

[01 57] Yet still further, there can be obtained such an 
advantage that it is possible to appropriately reduce the 
height of a portion of the antenna device upper than the 

10 azimuth shaft rotary mechanism 9 without deterioration 
of the electric characteristic, and there can be obtained 
a mechanical drive reflecting mirror antenna device that 
can appropriately reduce the height of a portion of the 
antenna device upper than the mechanical drive reflect- 

*5 ing mirror azimuth shaft rotary mechanism 9 which en- 
ables the downsizing, the low attitude and the wide-an- 
gle scanning and is high in performance, and can realize 
the downsizing, the low attitude and wide-angle scan- 
ning while keeping the low attitude of the entire antenna 

20 device with high performance because the antenna por- 
tion and the rotary joint portion are connected to each 
other by the circular waveguides 4 and 7 that have a 
plurality of 90-degree bendings and compensate the cir- 
cularly polarized wave characteristic, and an adjustment 

25 that the opening configuration of the antenna is shaped 
into a substantial rectangle and a mirror surface adjust- 
ment that the opening distribution is made uniform are 
conducted on the antenna device. 

30 INDUSTRIAL APPLICAPABILITY 

[0158] As was described above, according to the 
present invention, there can be obtained such an ad- 
vantage that the height of a portion of the antenna de- 

35 vice upper than the azimuth shaft rotary mechanism can 
be appropriately reduced without deteriorating the elec- 
tric characteristic, and there can be obtained a mechan- 
ical drive reflecting mirror antenna device that enables 
the downsizing, the low attitude and wide-angle scan- 

<o ning and is high in performance. 



Claims 

45 1 . An antenna device characterized by comprising: a 
plurality of reflecting mirrors; one primary radiator; 
a first circular waveguide which is connected to the 
primary radiator and has a plurality of bend portions; 
a first circular waveguide rotary joint which is con- 

50 nected to the first circular waveguide; a second cir- 
cular waveguide which is connected to the first cir- 
cular waveguide rotary joint and has a plurality of 
bend portions; and a second circular waveguide ro- 
tary joint which is connected to the second circular 

55 waveguide and is different in a direction of a rotary 
axis from said first circular waveguide rotary joint by 
substantially 90 degrees. 
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2. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; one primary radiator; 
a first square waveguide which is connected to the 
primary radiator and has a plurality of bend portions; 
a first square-circle waveguide transforming portion 
which is connected to the first square waveguide; a 
first circular waveguide rotary joint which is con- 
nected to the first square-circle waveguide trans- 
forming portion; a second square-circle waveguide 
transforming portion which is connected to the first 
circular waveguide rotary joint; a second square 
waveguide which is connected to the second 
square-circle waveguide transforming portion and 
has a plurality of bend portions; a third square-circle 
waveguide transforming portion which is connected 
to the second square waveguide; and a second cir- 
cular waveguide rotary joint which is connected to 
the third square-circle waveguide transforming por- 
tion and is different in a direction of a rotary axis 
from said first circular waveguide rotary joint by sub- 
stantially 90 degrees. 

3. An antenna device according to claim 2, character- 
ized In that square-circle waveguide multi-step 
transformers are used as said first to third square- 
circle waveguide transforming portions. 

4. An antenna device according to claim 2, character- 
ized in that square-circle waveguide tapers are 
used as said first to third square-circle waveguide 
transforming portions. 

5. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; one primary radiator; 
a first orthogonal polarization diplexer which is con- 
nected to the primary radiator; a second rectangular 
waveguide which is connected to said first orthog- 
onal polarization diptexer; a first rectangular 
waveguide which is connected to the first orthogo- 
nal polarization diplexer; a second orthogonal po- 
larization diplexer which is connected to said first 
and second rectangular waveguides; a first circular 
waveguide rotary joint which is connected to the 
second orthogonal polarization diplexer; a third or- 
thogonal polarization diplexer which is connected 
to the first circular waveguide rotary joint; a third rec- 
tangular waveguide which is connected to the third 
orthogonal polarization diplexer; a fourth rectangu- 
lar waveguide which is connected to said third or- 
thogonal polarization diplexer; a fourth orthogonal 
polarization diplexer which is connected to said 
third and fourth rectangular waveguides; and a sec- 
ond circular waveguide rotary joint which is con- 
nected to the fourth orthogonal polarization diplexer 
and is different in a direction of the rotary axis from 
said first circular waveguide rotary joint by substan- 
tially 90 degrees. 



6. An antenna device according to claim 5, character- 
ized in that said first and second rectangular 
waveguides are wired in parallel with the same con- 
figuration, and said third and fourth rectangular 

s waveguides are wired in parallel with the same con- 
figuration. 

7. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; first and second pri- 
mary radiators; a first orthogonal polarization 
diplexer which is connected to said first primary ra- 
diator; a first rectangular waveguide which is con- 
nected to the first orthogonal polarization diplexer; 
a second rectangular waveguide which is connect- 
ed to said first orthogonal polarization diplexer; a 
second orthogonal polarization diplexer which is 
connected to said first and second rectangular 
waveguides; a first circular waveguide rotary joint 
which is connected to the second orthogonal polar- 
ization diplexer; a third orthogonal polarization 
diplexer which is connected to the first circular 
waveguide rotary joint; a third rectangular 
waveguide which is connected to the third orthogo- 
nal polarization diplexer; a fourth rectangular 
waveguide which is connected to said third orthog- 
onal polarization diplexer; a fourth orthogonal po- 
larization diplexer which is connected to said sec- 
ond primary radiator; a fifth rectangular waveguide 
which is connected to the fourth orthogonal polari- 
zation diplexer; a sixth rectangular waveguide 
which is connected to said fourth orthogonal polar- 
ization diplexer; a fifth orthogonal polarization 
diplexer which is connected to said fifth and sixth 
rectangular waveguides; a second circular 
waveguide rotary joint which is connected to the fifth 
orthogonal polarization diplexer; a sixth orthogonal 
polarization diplexer which is connected to the sec- 
ond circular waveguide rotary joint; a seventh rec- 
tangular waveguide which is connected to the sixth 
orthogonal polarization diplexer; an eighth rectan- 
gular waveguide which is connected to said sixth 
orthogonal polarization diplexer; a first waveguide 
T-junction which is connected to said third and sev- 
enth rectangular waveguides; a second waveguide 
T-junction which is connected to said fourth and 
eighth rectangular waveguides; a seventh orthogo- 
nal polarization diplexer which is connected to said 
first and second waveguide T-junctions; and a third 
circular waveguide rotary joint which is connected 
to the seventh orthogonal polarization diplexer. 

8. An antenna device according to claim 7, character- 
ized in that said first and second rectangular 
waveguides are wired in parallel with the same con- 
figuration, said third and fourth rectangular 
waveguides are wired in parallel with the same con- 
figuration, said fifth and sixth rectangular 
waveguides are wired in parallel with the same con- 
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figuration, said seventh and eighth rectangular 
waveguides are wired in parallel with the same con- 
figuration, and said first and second waveguide T- 
junctions are arranged in parallel with the same 
configuration. 

9. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; first and second pri- 
mary radiators; a first circular waveguide rotary joint 
which is connected to said first primary radiator; a 
first orthogonal polarization diplexer which is con- 
nected to the first circular waveguide rotary joint; a 
second circular waveguide rotary joint which is con- 
nected to said second primary radiator; a second 
orthogonal polarization diplexer which is connected 
to the second circular waveguide rotary joint; a first 
waveguide T-junction which is connected to said 
first and second orthogonal polarization diplexers; 
a second waveguide T-junction which is connected 
to said first and second orthogonal polarization 
diplexers; a third orthogonal polarization diplexer 
which is connected to said first and second 
waveguide T-junctions; and a third circular 
waveguide rotary joint which is connected to the 
third orthogonal polarization diplexer. 

10. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; first and second pri- 
mary radiators; a first orthogonal polarization 
diplexer which is connected to said first primary ra- 
diator; a second orthogonal polarization diplexer 
which is connected to said second primary radiator; 
a first waveguide T-junction which is connected to 
said first and second orthogonal polarization diplex- 
ers; a second waveguide T-junction which is con- 
nected to said first and second orthogonal polariza- 
tion diplexers; a third orthogonal polarization diplex- 
er which is connected to said first and second 
waveguide T-junctions; and a circular waveguide 
rotary joint which is connected to the third orthogo- 
nal polarization diplexer. 

11 . An antenna device characterized by comprising: a 
plurality of reflecting mirrors; first and second pri- 
mary radiators; a first circular waveguide bend 
which is connected to said first primary radiator; a 
first circular waveguide rotary joint which is con- 
nected to the first circular waveguide bend; a first 
orthogonal polarization diplexer which is connected 
to the first circular waveguide r rotary joint; a second 
circular waveguide bend which is connected to said 
second primary radiator; a second circular 
waveguide rotary joint which is connected to the 
second circular waveguide bend; a second orthog- 
onal polarization diplexer which is connected to the 
second circular waveguide rotary joint; a first 
waveguide T-junction which is connected to said 
first and second orthogonal polarization diplexers; 



a second waveguide T-junction which is connected 
to said first and second orthogonal polarization 
diplexers; a third orthogonal polarization diplexer 
which is connected to said first and second 
s waveguide T-junctions; and a third circular 
waveguide rotary joint which is connected to the 
third orthogonal polarization diplexer. 

12. An antenna device according to claim 11, charac- 
10 terized in that said first and second waveguide T- 

junctions are arranged in parallel with the same 
configuration. 

13. An antenna device according to claim 12, charac- 
15 terized in that said first circular waveguide rotary 

joint and said second circular waveguide rotary joint 
are so arranged as to have the same rotary axis, 
and the third circular waveguide rotary joint is dif- 
ferent in a direction of the rotary axis from said first 
20 and second circular waveguide rotary joints by sub- 
stantially 90 degrees. 

1 4. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; first to fourth primary 

25 radiators; a first circular waveguide rotary joint 
which is connected to said first primary radiator; a 
first orthogonal polarization diplexer which is con- 
nected to the first circular waveguide rotary joint; a 
second circular waveguide rotary joint which is con- 

30 nected to said second primary radiator; a second 
orthogonal polarization diplexer which is connected 
to the second circular waveguide rotary joint; a first 
waveguide T-branching circuit which is connected 
to said first and second orthogonal polarization 

35 diplexers; a second waveguide T-branching circuit 
which is connected to said first and second orthog- 
onal polarization diplexers; a third circular 
waveguide rotary joint which is connected to said 
third primary radiator; a third orthogonal polariza- 

40 tion diplexer which is connected to the third circular 
waveguide rotary joint; a fourth circular waveguide 
rotary joint which is connected to said fourth primary 
radiator; a fourth orthogonal polarization diplexer 
which is connected to the fourth circular waveguide 

45 rotary joint; a third waveguide T-branching circuit 
which is connected to said third and fourth orthog- 
onal polarization diplexers; a fourth waveguide T- 
branching circuit which is connected to said third 
and fourth orthogonal polarization diplexers; a first 

50 rectangular waveguide which is connected to said 
first waveguide T-junction; a second rectangular 
waveguide which is connected to said second 
waveguide T-junction; a third rectangular 
waveguide which is connected to said third 

55 waveguide T-junction; a fourth rectangular 
waveguide which is connected to said fourth 
waveguide T-junction; a fifth waveguide T-junction 
which is connected to said first and third rectangular 
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waveguides; a sixth waveguide T-junction which is 
connected to said second and fourth rectangular 
waveguides; a fifth orthogonal polarization diplexer 
which is connected to said fifth and sixth waveguide 
T-junctions; and a fifth circular waveguide rotary s 
joint which is connected to the fifth orthogonal po- 
larization diplexer. 

15. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; first to fourth primary 10 
radiators; a first orthogonal polarization diplexer 
which is connected to said first primary radiator; a 
second orthogonal polarization diplexer which is 
connected to said second primary radiator; a first 
waveguide T-junction which is connected to said is 
first and second orthogonal polarization diplexers; 

a second waveguide T-junction which is connected 
to said first and second orthogonal polarization 
diplexers; a third orthogonal polarization diplexer 
which is connected to said third primary radiator; a 20 
fourth orthogonal polarization diplexer which is con- 
nected to said fourth primary radiator; a third 
waveguide T-junction which is connected to said 
third and fourth orthogonal polarization diplexers; a 
fourth waveguide T-junction which is connected to 25 
said third and fourth orthogonal polarization diplex- 
ers; a first rectangular waveguide which is connect- 
ed to said first waveguide T-junction; a second rec- 
tangular waveguide which is connected to said sec- 
ond waveguide T-junction; a third rectangular 30 
waveguide which is connected to said third 
waveguide T-junction; a fourth rectangular 
waveguide which is connected to said fourth 
waveguide T-junction; a fifth waveguide T-junction 
which is connected to said first and third rectangular 35 
waveguides; a sixth waveguide T-junction which is 
connected to said second and fourth rectangular 
waveguides; a fifth orthogonal polarization diplexer 
which is connected to said fifth and sixth waveguide 
T-junctions; and a circular waveguide rotary joint 40 
which is connected to the fifth orthogonal polariza- 
tion diplexer. 

16. An antenna device characterized by comprising: a 
plurality of reflecting mirrors; first to fourth primary <s 
radiators; a first circular waveguide bend which is 
connected to said first primary radiator; a first circu- 
lar waveguide rotary joint which is connected to the 
first circular waveguide bend; a first orthogonal po- 
larization diplexer which is connected to the first cir- so 
cular waveguide rotary joint; a second circular 
waveguide bend which is connected to said second 
primary radiator, a second circular waveguide rota- 
ry joint which is connected to the second circular 
waveguide bend; a second orthogonal polarization ss 
diplexer which is connected to the second circular 
waveguide rotary joint; a first waveguide T-branch- 

ing circuit which is connected to said first and sec- 



ond orthogonal polarization diplexers; a second 
waveguide T-branching circuit which is connected 
to said first and second orthogonal polarization 
diplexers; a third circular waveguide bend which is 
connected to said third primary radiator; a third cir- 
cular waveguide rotary joint which is connected to 
the third circular waveguide bend; a third orthogonal 
polarization diplexer which is connected to the third 
circular waveguide rotary joint; a fourth circular 
waveguide bend which is connected to said fourth 
primary radiator, a fourth circular waveguide rotary 
joint which is connected to the fourth circular 
waveguide bend; a fourth orthogonal polarization 
diplexer which is connected to the fourth circular 
waveguide rotary joint; a third waveguide T-branch- 
ing circuit which is connected to said third and fourth 
orthogonal polarization diplexers; a fourth 
waveguide T-branching circuit which is connected 
to said third and fourth orthogonal polarization 
diplexers; a first rectangular waveguide which is 
connected to said first waveguide T-junction; a sec- 
ond rectangular waveguide which is connected to 
said second waveguide T-junction; a third rectan- 
gular waveguide which is connected to said third 
waveguide T-junction; a fourth rectangular 
waveguide which is connected to said fourth 
waveguide T-junction; a fifth waveguide T-junction 
which is connected to said first and third rectangular 
waveguides; a sixth waveguide T-junction which is 
connected to said second and fourth rectangular 
waveguides; a fifth orthogonal polarization diplexer 
which is connected to said fifth and sixth waveguide 
T-junctions; and a fifth circular waveguide rotary 
joint which is connected to the fifth orthogonal po- 
larization diplexer. 

17. An antenna device according to claim 16, charac- 
terized in that said first and second rectangular 
waveguides are wired in parallel with the same con- 
figuration, said third and fourth rectangular 
waveguides are wired in parallel with the same con- 
figuration, the first and second waveguide T-junc- 
tions are arranged in parallel with the same config- 
uration, the third and fourth waveguide T-junctions 
are arranged in parallel with the same configuration, 
and the fifth and sixth waveguide T-junctions are ar- 
ranged in parallel with the same configuration. 

18. An antenna device according to claim 17, charac- 
terized in that said first to fourth circular waveguide 
rotary joints are so arranged as to have the same 
rotary axis, and the fifth circular waveguide rotary 
joint is different in a direction of the rotary axis from 
said first to fourth circular waveguide rotary joints 
by substantially 90 degrees. 

19. An antenna device according to claim 18, charac- 
terized in that a septum type polarizer is used as 
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said orthogonal polarization diplexer. 

20. An antenna device according to claim 18, charac- 
terized in that an orthomode transducer is used as 
said orthogonal polarization diplexer. 

21 . An antenna device according to claim 2, character- 
ized by further comprising: a waveguide orthomode 
transducer which is connected to said circular 
waveguide rotary joint and has first to fourth branch- 
ing waveguides; a first waveguide diplexer which is 
connected to the first and third branching 
waveguides of the polarization divider; a second 
waveguide diplexer which is connected to the sec- 
ond and fourth branching waveguides of said polar- 
ization divider; a first low-noise amplifier which is 
connected to said first waveguide diplexer; a sec- 
ond low-noise amplifier which is connected to said 
second waveguide diplexer; a first 90-degree hybrid 
circuit which is connected to said first and second 
low-noise amplifiers; a second 90-degree hybrid cir- 
cuit which is connected to said first and second 
waveguide diplexers; a first high-power amplifier 
which is connected to the second 90-degree hybrid 
circuit; a first variable phase shifter which is con- 
nected to the first high-power amplifier; a second 
high-power amplifier which is connected to said 
second 90-degree hybrid circuit; a second variable 
phase shifter which is connected to the second 
high-power amplifier; and a third 90-degree hybrid 
circuit which is connected to said first and second 
variable phase shifters. 

22. An antenna device according to claim 11 , charac- 
terized by further comprising: a waveguide ortho- 
mode transducer which is connected to said circular 
waveguide rotary joint and has first to fourth branch- 
ing waveguides; a first waveguide diplexer which is 
connected to the first and third branching 
waveguides of the polarization divider; a second 
waveguide diplexer which is connected to the sec- 
ond and fourth branching waveguides of said polar- 
ization divider; a first low-noise amplifier which is 
connected to said first waveguide diplexer; a sec- 
ond low-noise amplifier which is connected to said 
second waveguide diplexer; a first 90-degree hybrid 
circuit which is connected to said first and second 
low-noise amplifiers; a second 90-degree hybrid cir- 
cuit which is connected to said first and second 
waveguide diplexers; a first high-power amplifier 
which is connected to the second 90-degree hybrid 
circuit; a first variable phase shifter which is con- 
nected to the first high-power amplifier; a second 
high-power amplifier which is connected to said 
second 90-degree hybrid circuit; a second variable 
phase shifter which is connected to the second 
high-power amplifier; and a third 90-degree hybrid 
circuit which is connected to said first and second 



variable phase shifters. 

23. An antenna device according to claim 1 6, charac- 
terized by further comprising: a waveguide ortho- 

s mode transducer which is connected to said circular 
waveguide rotary joint and has firstto fourth branch- 
ing waveguides; a first waveguide diplexer which is 
connected to the first and third branching 
waveguides of the polarization divider; a second 

10 waveguide diplexer which is connected to the sec- 
ond and fourth branching waveguides of said polar- 
ization divider; a first low-noise amplifier which is 
connected to said first waveguide diplexer; a sec- 
ond low-noise amplifier which is connected to said 

*5 second waveguide diplexer; a first 90-degree hybrid 
circuit which is connected to said first and second 
low-noise amplifiers; a second 90-degree hybridcir- 
cuft which is connected to said first and second 
waveguide diplexers; a first high-power amplifier 

20 which is connected to the second 90-degree hybrid 
circuit; a first variable phase shifter which is con- 
nected to the first high-power amplifier; a second 
high-power amplifier which is connected to said 
second 90-degree hybrid circuit; a second variable 

25 phase shifter which is connected to the second 
high-power amplifier; and a third 90-degree hybrid 
circuit which is connected to said first and second 
variable phase shifters. 

30 24. An antenna device according to claim 2, further 
comprising a rotary mechanism that rotates said 
plurality of reflecting mirrors about an azimuth shaft 
and an elevation shaft which are orthogonal to each 
other, characterized in that each of said plurality 

35 of reflecting mirrors has a substantially rectangular 
opening which is slender in a direction of said ele- 
vation shaft, and is subjected to a mirror surface ad- 
justment so as to receive and reflect substantially 
all of electromagnetic waves supplied from said pri- 

40 mary radiators so that an antenna height is prevent- 
ed from becoming high even when said plurality of 
reflecting mirrors rotate about the elevation shaft. 

25. An antenna device according to claim 11, further 
45 comprising a rotary mechanism that rotates said 

plurality of reflecting mirrors about an azimuth shaft 
and an elevation shaft which are orthogonal to each 
other, characterized in that each of said plurality 
of reflecting mirrors has a substantially rectangular 

so opening which is slender in a direction of said ele- 
vation shaft, and is subjected to a mirror surface ad- 
justment so as to receive and reflect substantially 
all of electromagnetic waves supplied from said pri- 
mary radiators so that an antenna height is prevent- 

55 ed from becoming high even when said plurality of 
reflecting mirrors rotate about the elevation shaft. 

26. An antenna device according to claim 16, further 
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comprising a rotary mechanism that rotates said 
plurality of reflecting mirrors about an azimuth shaft 
and an elevation shaft which are orthogonal to each 
other, characterized by each of said plurality of re- 
flecting mirrors has a substantially rectangular 5 
opening which is slender in a direction of said ele- 
vation shaft, and is subjected to a mirror surface ad- 
justment so as to receive and reflect substantially 
ail of electromagnetic waves supplied from said pri- 
mary radiators so that an antenna height is prevent- 10 
ed from becoming high even when said plurality of 
reflecting mirrors rotate about the elevation shaft. 
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